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A sOicoB oxynioidfl (axynitride) dtdccirie layer h 
scnied using a process in vhkti nieDgoi li tnoDipmBd [mo 
the dielectric as it Is gmwii upon • elUoen ateruB. Tie 
oxyniDide layer ti gruwa at elraod sntpennjie vid prey 
cure In n tmbleni comaiciog NiO and/or NO. lAn MOB ^ 
diekctrie ii tdvama^eously fbnoed fton (he asynbriife dl' 
cLectric layer with a infficienx luirogtn conocnttBtiao aev (!)b 
interface between a boiDn<ioped polyilUcoo gste electrode 
and cho ^ce dielectric is to pnvoit boron avxiu from pen- 
etrating into the gats dicloaric Further, the oxynttrUe layer 
contains a sufficient nitrogen ooncentrttion oeo- (he infcrfks 
between the gate dielectric and aslUeoB lubtoate as (d rtdace 
the number of high<neisy electrens Injeoed IniD the gvie di- 
ctcctric which bBcome trapped in die pa dielectric. Nitro- 
gen atoms in the gate dielectric near die interface between 
drc boion-dopcd pdystlicon gaic electrode and the pte dU 
elecaric physically block boron atoms, prcveoting them bm 
penetrating inlo the gate dielectric Nitrogen atoms and sXU 
icon atoms form strong $i-N bonds ai the nte^ace between 
die dicJcCD-ic artd the sDIcoo substnoe. helping ensuic 
injected electrons are not easily trapped in the biynitride di- 
dectric layer. 
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TITLE: A METHOD OF FORMING HIGH PRESSURE SIUCON OXYPfTTRIDE (OXY^aTRIDE) 

GATE DIELECTRICS FOR METAL OXIDE SEMICONDUCTOR (M OS) DEVICES 
WITH P+ POLYCRYSTALUNE SILICON (POLYSIUCON) GATE ELECTRODES 

5 RArKGRQUND OF THE INVENTION 

L Field of The Invwirion 

This invention rtlsies co the fhbricarion of an integrated circuit and more pvticularty the Abricntion of 
matal oxide seraiconductor (MpS) <fcvices with polyciysallinc lilicon (polysiUeon) sate electrodes, 

2. Deicnotion of the Ilelev2m An 

A cneoJ oxide semtccDduaor (MOS) transistor is a aia|oniy-camer device in wfaicfa current How in a 
1 S condtiaing chacnel fonoed between a source region and a drain region is modulated by an electrical potential (i.e., 
voltage) formed bec^ftee^ a ^ce ete uuul e and die substrate. A voftagc Icnned bcTvreen tbe gatt etetuudc and the 
substtate which increase the number of majority carriers drawn into the chanael region direcUy under the 
etectrt3de rrsults in an inonase in die conductivity of die chaooel region, lo order to draw majoricy cairien into the 
channel region, die voltage fbnned between the ^le electrode and the fubarate muit exceed a cenain ihrBsbolfl 
20 voltage level This threshold voltage level depovh on a number of facton including die gaic electrode fflaserial the 
gate inailaior material, the thickness of the gate insulator, and the doping conccntmion in the channel regioa 

The threshold voltage levels of MOS transistors employed in a digital integiaxed circuit influence many 
characteristtcs of the circuit including maximum operadog speed, powr diasipadon, and noise inununiiy. Lovtcring 
25 the threshold voltage level of an MOS transiaor mcreascs its current-<lriving capabilt^. Employing MOS 
transistors with increased current-driving capability can increase the speed of logic level transitions. Lower 
du^old voltage levels ve thus cksirable for high-4pced digital circuits. 

As the dveshold volbge level of an MOS transistor is lowered, however, die amooat of subduvsbold 
30 current flowing through (he transistor may also increase. Subtteeshold currtni is the current flowing fiDra, the source 
to the drain when the vohage berveen the gate electrode and dse substrate is less dian die threshold voltage level.' 
This may be an imponam consideration in applicarions requiring low power dissipation and in targe circuits with 
many MOS iransisrors. Noise immunities of circuits employing MOS transistors typically decrease when direshold 
voltage levels are reduced. This problem is exacerbated in circuits operable in high noise environments. Thus 
35 threshold voltage levels are often determinffd widi consideration given 10 operating speed, power dissipation, and 
noise immunity. In general, threshold voltage levcb of MOS transistors arv toweml as much as the design 
application will allow. 



10 



In complementary MOS (CMOS) circuits^ n<hanncl MOS transistors typically sink load currtnt and p- 
40 channel MOS transistors typically souru current to the load. Since ii is desirable to be able to both charge and 
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dUcharge capacitive loads quickly, (he ihreshotd voUagc levels ofrvchannel at>d p-channd MOS transistors are 
often reduced u much as possible. 

As mentioned above, ifae ducshuld vohage level of on MOS BrBiuistor depends on a number of &ctots 
5 includiog the gate electrode maierlal« the gate insulator material, the thickness of the gate insulator, and die doping 
concentration in the channel regioD. In order to reduce the threshold voltage level ofan MOS transistor, a gate 
electrode material may be chosen such diat the value of the work function of the gate electrode nueniaJ is as close to 
the value of the ^voit function of the jufaoraie as possible. The gate electrode material and thickness of the 
underlying gate insulator may be selected such that die electrical cspacttancc between the gate electrode and the 
10 substrate is as high as possible. 

Heavily doped polysilicQn is typically used as a gate electrode m common self-eligned MOS piDcesses. It 
adheres well to gate oxides (i.e., gate insulators), and is able to withstand the environments created during 
subsequent sclf-aligned processing steps. The wort-fiincn'on of m poljrsilicon is ideal for n-channel MOS 
1 5 transistors of CMOS circuits. Using n-*- potysilicon gate electrt)des. n-channel MOS transistors may be produced 
with threshold vologes of less than +0.7 volts for easily producible values of channel doping concentration levels 
and gate oxide thickness. 

When dte same polysilican b used fiar die gate elecoodes of f><diannel MOS transistors, however, the 
30 magnitudes of the resulting diresbold voltage levels ore well above 0.7 volts, in CMOS circuits, such pNcbaimel 

devica would have less current driving ability than their n-channel complements. In order to reduce the magaitudes 
of the direshold volcage levels of p<hannel MOS transistors, shallow implants of boron are commonly placed in the 
channel regions just under the gate electrodes of p<bannel MOS transistors. The slightly p-iype surfaces of the 
channel regions result in threshold voltage levels of reduced magnitude. However, such buried-channel devices are 
35 more susceptible to the punchthmugh eflect. As wit) be described below, the suscepribilrty of buried^hannet 
devices to die punchthrough effect increases as device dimensiotis shrink. 

Punchthrough occurs when the volcage formed between the gate electrode and the substrate is less than the 
threshold voltage level, and (he reverse btaii voltage on the drain region is large enough thatthe drain depletion" . ' 

30 region meeu the source depletion regiOD in the subsurface region below the gate eteccrode. When. punchthrough 
occurs, majority carriers flow from die source region to the drain region, creating a subsurftce flow of 
(subthreshold) current. Small MOS oansiyors S^th short charuiel lengths between the source and drain regions are 
panicularly susceptible to the punchthrough effecL The use of boron to adjust threshold voltage levels of p^hannel 
MOS transistors becomes less feasible as thinner gate insulaion are used, due to the fact that larger doses of boron 

35 are required. As the active channel region ts forced deeper into the substrate, the punchthrough problem worsens. 

Another way lo lower thc'magninjdcs of threshold voltage levels of p-channc] MOS devices is to use p* 
potysilicon for the gate elecn-odei of p-channel devices. P*cype boron may be introduced into the polystlicon of the 
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See, Bhat ei al.. •Electrical Properxies and ReUabiliry of MOSFETs with Rapid Thermal NO-Ntoided Si02 Gate 
Dielectrics." IEEE Tnnsaaions on Electron Devices, Vol. 42 No. 5. May, 199S, pp. 907-914. 

Incorporarioii ofiiitragen into a pre-existing oxide (i.e^ (hennal niirtdation) generally uses two ^ypea of 
5 source gases: I ) those compristDg anunonia (NH3), and 2) those comprising nrcrous oxide (N2O) and^or nitric 
(NO). ThcnnallyHiTtndcd oxides having high nitrogen cmentraxions at the sur&ce and at the Si/Si02 (otaftce 
may be fonned using NH3. See. Hon et al.. 'Ultra-Tliin ReOxidized Niirided-Oxides Prepared By Rapid Thmal 
PTDccssiag,* lEDM Tech. Digest, I ^87, pp. 570-573, A high nitrogen concentration at the sur&ce of a such a 
tfaennaily-mtrided oxide may provide a difiusioo barrier to boron asonu, and a high concentrBtioo of nioogen m m 
10 at the Si/Si02 interiace may increase the resisance of the dielectric to hot^arrier efliscts as described a fcff ve. 

Thennal niiridatioa oting NH3 cannot be accomplished wiAeut unavoidably introdudag hy^ogea atoats 
into the gaie dielectric hOMnever. It is well known that hydrogen Btoms easily diffuse to the Si/Si02 inter&cc ad 
form weak Si-H bonds. These w«ak Sf-H bonds arc readily brokeo by hot electrons injected idid the gate dielectric. 
1 5 forming empty electron states (or traps) which may be filled by the injected eleoTDns. Trapped electrons contribute 
to the fixed oxide charge of the dielectric, causing a shift in the threshold voltage terel. The manbo' of napped 
elecffons increases with time, degrading device performance until device perfbtTnance becomes unaccepable. 

The deleterious effecciof hydrogen incorporated into ihermally-nitrided oxides produced osing NH3 may 
20 be reduced by rt^oxidizing the thermally-artrided oxides at high temperatures in aa oxygen ambient. In this procKs. 
however, the nitrogen concentration near the surface of die diermally-Aitrided oxides is reduced, while the ninogeo 
concentration near the S»-Si02 iracrfoce docs rtoi change appreciably. See, Hon ct aL. 'OJhra-Thin Re-Oxidiad 
Nitrided-Oxides Prepared By Rapid Thermal Preccssin^' IE DM Tech, Digest, I9J7, pp. S70-573. Uoftmnualy, 
the resulting nitrogen concemxaiions near the sur^ee of re^xidiaed aitrided oxides may not be sufficient to block 
25 boron pcneoation into die gate dielecoics. In addition, the required multiple his^^empCTBm^e cycles (i.e.. oxidation 
and nitridaiion) are undesirable forsubmleron MOS device ftbricxtion processes. 

It Is poouiated that processes employing Aermal ottridarion ofpre-existing oxides or growth of oryniirides 
using N2O and/or NO at pressures of 1 .0 atmosphere and below cannot achieve a sufficient nitrogen concentration - 
30 at an upper surftce (near an interface between a boron-doped polysilicon gaie electrode and the ^te diekiciric) as to . . ' 
prevent boron atoms in the poly5iiicoft gate electrode &ora penetrating inio the gate dielectric. 



It would thus be advantageous to have a method of forming a silicon oxynicride gate dielectric for p-cype 
MOS devices ac a pressure grtaicr than 1 .0 annosphcrcs which: 1 ) does not use a hydrogen-bearing source gas such 
as NH3. 2) results in a die/eciric widi asufReient concenraion of nitrogen atoms 31 an upper surface (near an 
interface between a boron-doped polysilicon gate electrode and die gate dielectric) as to prevent borvn atoms in dK 
polysilicon gate electrode from penetrating into the gate dielectric. 3) results in a dielectric with a sufficiem 
concentration of nitrogen atoms at a lower surface (near an interface between the gate dielectric and a silicon 
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substrate) as to reduce (he nuntbcr ofhiBh-cneisy electrons (i.e., hoc electrons) injected into and (hereafter mpped 
widiio the gate dielectric. vtd 4) avoidi (he added steps and high-iemperacure cycles associated with the thennat 
Qithdaiion of a pre-existb^ oxide. 



SVMMARY OF THE iNVEhmON 

The problems outlined afa^e are m Isse part solved by a method of fonning hi^ pressure fiilicon 
oxyninide (oxynitride) gate dielearics for meal oxide semicodductor (MOS) devices with poiycrysnUine si licoo 
10 (polysiticon) gate eCccirodes. Usiog a high picssinihennal growth process, cheineihod of the pres^ 
produces an axyrutridc dleteciric byer b an unbioit including N^O and/or flO. An MOS gate dtelecoic, 
po&itianed between a boron-doped polysiliccn gau electrode and a silleoo substrate, is advantageously fbimed from 
such an oxyniiride dielectric t&yv. 

1 5 An MOS gate dielccoric fonned from an oxynitridc dielectric layer has the following a4vaniages. First, the 

oxynitride dielectric layer has a sufficient concentration of nitrogen atoms near the interface between the boron- 
doped polysilicon ^te electrode and the gate dielectric as lo prevent boron atoms in the boron'doped polysilicon 
gate electrode from penetrating inro tfw ^aie dieiectric. Second, the oxynitride dielectric layer has a sufficient 
concentration of shrogen atoms near die intorftce between the gpte dieteciric and (he silicoo substrate ts to leduce 

20 the number of hot electrons injected into and t fa ef ca fter trapped within dte gaze. Nitrogen atoms at Efae polysilicon 
gaze-oxynitride dielectric incer&ce physicaUy Mock boron atoms, preventing boron aroms in the boron-doped 
polysilicon gate electrode from, peneiraiiog bto the gate dielectric Nitrogen aioms picsan at the oxynioride 
dielectric^bscnae interftce forni strong Si-N boods. helping ensure injected hot electrons are not easily trapped in 
the gate dielectric. 

25 

Processes employing thennal nitridation of pre-existing oxides or growth of oxynhrides usiog N2O and/or 
NO at pressures of 1 .0 atmosphext and below csonot achieve a sufficient nitrogen concenirattion at an upper sur&ce 
(near an inier&ce berweea a boron-doped polysilicon gate electrode and die gate dielectric) as to piwent boron 
atoms in the polysilicon gate ele c q ud e from penetrating 1 mo the gale dielectric. Ir is postulated diat the 

21 

JO concentrmion of nitrogen atoms at the upper surfiKe of an oxynitride gate dielecoic must be at least 1 .0 Ip . , 

atoms/cm^ in order tn prevent boron atoms in the polysilicon gate electrode from penetrating into the gate dielectric. 

Broadly ipeaking. (he present oxynioide layer may be thermally gruwn by inserting a silicon substrate into 
a chamber conainisg a nitrogen-beahng gas such as NjO. NO. or a combination of both N2O and NO. The 
35 tempeiwurr v»d pressure within the chamber may then be increased. An oxynitride layer may thus be thermally 

grown at tempennires berween 650EC and 900EC and at pressures from 2.0 x 10 Pa to 25.0 x 10^ Pa (about 2.0 ro 
25.0 amiosphercs). The rtsuliifig oxynitride layer may be panemcd to form an MOS gate dielectric. The 
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cooccntwrion of nicrogeD atoms in ihc gaie dieJeebic fonrwd from the ozyriiiride toy er may be 6triy coosuau M 
sufficient to achieve the benefits described above. 



5 BRIEF DESCRTPTION OF THE PRAyJNCS 

Other objects and advoniages of the inveiiion will become appaient upon reading the fbOowing dctuled 

description and upon reference to the accomparynig drawings in which: 

/ 

1 0 Figure ) is a paitial owsectional view of a silicon substrate hiviDg a silicon nitride layer depojiied over 

a pad oxide layer, aU of M^ch are fimned over ao active device region betv«ea field oxide layer opening od a 
froEntaide sur&ce of the silicon fubstnte; 

Figure 2 shows the silicon substrate of Figure I after the silicon nitride aod pad oxide layers have been 
15 removed; 

Figure 3 shows the sllicoa substrate of Figure 2 after a si licon oxyniiride (oxynioide) layer hu been 
.thennaUy grourn over the froniside surtee; 

20 Figm 4 is a deailed view atoog plane A of Figure 3, illusntive of a sufastandolty constant concentration 

of aiirogen atoms io (he oxyniiride layer 

Figure 5 is a graph of aiomic concenmtioas of oxygen (OX nrtrogca (NX and silicoa (Si) venus depdi 
along a profile of a first oxynitride tffi>er groum according lo ihe method of die presair ijiventioo; 

25 

Figure 6 is a graph of atomic concemratkms of oxygen (OX nhrogen (NX and silicon (Si) versus depth 
aloog a profile of a second oxynioride layer grown acconling to the method of dse presem iavetnion; 

Figure 7 shows the silicon substrate of Figure 3 after a polysiticon layer has been deposited oyer the - - 
30 oxynitride layer. 

■ Figure 8 shows the silicon substraa of Figure 7 after the polysiticon laye- xnd the oxynitride layer have 
been putemed to form a palysilicon gate electrode and a gate dielectric, respectively; 

35 Figure 9 shows the ftontslde surface of die silicon subsrrBie of Figure 8 being subjected to a relaiively low 

concencration of p-<ype boron ions: 
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Figure to shows (he silicon subswie of Figure 9 after an oxide layer has been fanned over the frontsfde 

Figure 1 1 shovfs ihe silicon substrate of Figure 10 after a majority of the oxide layer over the fronotidc 
5 sur&ce has been etched away, leaving oxide sidewall spacers adjacent to the po)yst]icon gate electrode and xtB gate 
dielectric: 

Figure 12 shows the silicoajubsmte of Figure 1 1 being subjected to a relatively high conceocraiten of p- 
type boroD xms; 

10 

Figure 13 shows the sUkoa substrate of Figure 12 after a passiwion layer has been forraed over the atire 
froQZside sur&ce; tnd 

Figure 14 is a detailed view along plane B of Figure 13, illustrative of a aifasantially constant 
1 5 concentration of oitrogen atoms in the gate dielectric used for blockage of ^roo tBoms and/or trapping of hoc 
elcorons. 

While the invention ts susoepiible to various modificaitODS and alteraaiive fonns^ specific embodiffienis 
diervof are shown ^ way of exsraple in die drawings and will herein be desoibed in detail. It should be 
20 understood, however, diat die drawings and detailed descnption thereto are not intended to limit the invention to the 
particular form disclosed, but on the contrary* the intention is to coverall modifications, equivalcne and alternatives 
falling within the spirit and scope of die present invention as defined by die appended claims. 



25 



pE X A Pr^P DESCRIPTION O F THE l^afENTrOW 



Figures UI4 will be usejd to describe how a p-type lightly doped drain (LDD) MOS trwisistor with sn 
oxynitnde gate dielectric may be formed 00 and in a fiontside surface of a silicon substrate. In Figure 1 . active 
device and field regions have been defined- A silicon nitride layer |4 00 a pad oxide layer 16 remain over an active 
device region of a frontside surface 12 of a silicoa substrate 10. A field oxide Isyo- 1 S has'b^en dietmaUy growp 
30 over field regions absent oxygoi-trnpcrvious silicon nitride layer M according to well-defined local oxidaiioo of 
silicon (LOCOS) techniques. 

Figure 2 shows silicon substrate 10 after silicon nitride layer 14 and pad oxide layer 16 have been removed 
from froncside sur&ce 12. After field oxide layer 18 has been growiL silicon nitride layer 14 and pad oxide layer 16 
35 are removed using, for example, a dry etch process or a wei chemical etch of known origin. A sacrificial oxide layer 
(not shown) may be grown and etched away fiom frontside surface 1 2 at diis time, depending upon process 
constraints. The purpose of such a sacrificial oxide layer is to remo^ any residual nitride. 
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Figure 3 shows silicon subsume 1 0 after a silicon oxyniiridc (oxynilride) layer 20 haj been dienBalty 
grown over fronCsidtf surface 12. OJiynirrtde layer 20 is grown under elevated temperature and pressure ia a 
nitrogen-bearing ambient Oxynitride layer 20 is thernially grown by pbcjng silicon substrate 10 on-cdge in a wafer 
boat, and insetting ihe wafer boai into an oxidarion furnace set into a higb-pressure chamber. The oxidaiiGn Irnace 
5 contains a nitrogen-bearing gas such as N2O, NO, or a combination of boiti N2O and NO. Oxynitride layer 20 may 
be thermally grown at temperanjres between 6S0EC and 900EC and at pressures from 2.0 x 1 0^ Pa to 10.0 x iO^ P& 
As sfao^vn in Figure 4, the concemracion of aiirogen atoms 22 in resulting oQunride layer 20 is &irty unifbna 001 
only across the froncside sur&ce, but, noic inpanamly, tfaioughout the ooss-4ectional plane (or profile) of 
oxynitride layer 20. It is postulated that pressure associated voth the higb pressuie ebamber makes it 
1 0 (hennodynantically fiivorable for the fofmadoQ of Si-N bonds in the bulk of oxyniaidc layer 20i, as compared ID just 
ai the St/Si02 interface as observed for the formation of oj^iiride layers at pressures of I.O aniBsp li cj c and below; 
As mil be discussed hercinbelow, atomic nitrogen forms bonds with silicon and oagrgen at uni&rm fauervats wiihis 
the oxynitride smioure. These regular bonds help occupy diffiision avenues normally taken by subsequently 
introduced boron species. Advantages in having a uniform distribution of nitrogen are man/feld, some of which are 
1 5 10 cotmol boron diffusion and hot electron trapping therein. 

Figure 5 shows a secondary ton mass spectroscopy (SIMS) plot of atomic concentration of oj^gen (OX 

nitrogcD (NX and silicon (Si) of u oxynitride layer grovm 00 a silicon substratt using the method of (be pcait 

invention. Atomic concaitrations are shown fiwn an upps- sur&ce of the oxynioida layer (OjO ar^s&nms) to a 

20 depth which exceeds the thicloieas of the oxynitride layer (about 100 angsminis). This plot shows the cooceattation 

of oxygen atoms is highest near the sur&ce of the oxyniende layer, decreases sharply near a lowtt- sur&ce of it« 

03Qmitride I^^r (i.e., ar the dieleciric-substraie interface), and continues to decrease widi rncreasing depth iniD the 

silicon substrate. The conceniraoon of silicon atoms in the oxynioide byer arvl in the silicon subsmae is &iriy 
20 3 

uniform at about 7.0 x 10 acoms^cm . The concentration of nitrogen atoms is also fairly unifbnn in the oxyninide 

25 layer at about 1.0x10^' awms/cm^, being slightly higher at the surface. The eonccmration of nitrogen atoms 

decreases sharply nearihc dlelectric-substme interfisce, stabilizing at a background conccniratbn of about 1.5 x 
19 

1 0 atoms^cm3 id die silicon substrate. 



Figure 6 shows a secondary ion mass ^eciroscopy (SIMS) plot of atomic toocentTBtlon of oxygen (OX . 

30 nitrogen (N). and silicon (Si) versus depth from a surface of an oxynitride layer about 70 angstroms thick grown on 

a silicon substrate using the method of the present tnveniion. As in Figure 5, the concentration of oxygen atoms ts 

highest near the surface, decreases sharply near the dielectric-substrate intcrfiice, and cominues to decrease with 

increasing depth into the silicon substrate. The concentration of silicon atoms in the oxynitride layer and in die 

silicon substrate is fairly unifomi ai about 1,0 x 10 atoms/an . The concentration of nitrogen atoms Is also feirly 

213 

35 uniform in the oxyninide layer at about 3.0 x 10 atoms/cm . The concentration of nitrogen atoms decreases 
sharply near the dielectric-substrate interface, and continues to decrease with increasing depth inro the silicon 
substrate. 
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Processes employing thermal nitridaiion of pre-cxisung oxides or growth of oxynimdes using N2O and/or 
NO ai pressures of 1 .0 annosphere and below caoiiot achieve a sufncteni oicrogen concentratioa at an upper surface 
(near an inccr£ace between a boroiwloped polysilicon gate eleccrode and Ae gate dietectric) as to prevent boron 
atoms in the polyslicon gate electrode fnm penetrating ioio the gate dielectric. It b postuta&ed (hat the 
S concemntion of aiiregea aconu at the upper sur^ of an oxynioide gate dielectric must be si least 1 .0 z 10 

atoms/cm^ in on^ to prevent boron atoms in die polysilicon gate electrode from penetratiDg into the gate dielearic. 
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Figure 7 shows silicon subjpaie 10 after a potysiUcon layer 24 has been deposited over oxynhride layer 20 
on fhmtstde surfice 12. Polysilicon byer 24 may be deposited using a chontcal vapor deposition (CVD) process 

10 

Figure 8 sho^ silicoa substrate 10 after polysiUcon tayn* 24 md ooQmitride layer 20 have been selectively 
etched to fonn potysilicon gate electnxte 26 and gate dielectric 28. lefjiectfvely. PofyaiUcon layer 24 and oxyoitiide 
layer 20 are patsswl by masking the gate structures with polymerized pbocoresist and etching the exposed portions 
of polysilicon kyo* 24 and oxynhride layer 20. 

15 

Figure 9 shows silicon substrate 10 being subjected to a relatively low cooeeniratioo of p-cype boron fOcs 
30. Boron ions poietrate into polysilicon gate electrode 26. forming a ligbtly^doped boron region 32. Using the 
well-known se]f-4l%ned technique, boron ions also penetrate Ijiio silicon substrate 10 at froBBlde sur&ee 12, ' 
. forming lightly-doped source-drain regions 34a and 34b. SDieoa substrate 10 may be nbjecfed to p-cypc boron ions 
20 using a difiUsion or ion in^laniadon process. 

Figure 10 xfao\A? silicon f iterate 10 after an oxide layer 36 has beta fbnned over frontside sur&ce 12. 
Oxide layer 36 may be deposited using various CVD techniques. 

25 Figure 1 1 shows silicon substrate 10 after a majority of oxide layer 36 has been etched away, leaving only 

oxide sidewall spacezs 3 Sa and 38b adjacent to polysilicon gate electrode 26 and gate dielectric 28. Oxide layer 36 
may be etched using a directional dry etch process. 

Figure 1 2 shows silicon substrate 1 0 being subjected to a relattvely high coocentration of p*^e boron ions 
30 40. Boron ions penetrate into polysilicon gate electrode 26. farming e heavily-doped boron region ^2- . Boron ions \ 
also pencoate into silicon substrate 10 ax fronisidc surface 12, fbmiing heavily-doped source-drain regions 44a and 
44b. Oxide sidewall spacers 38a and 38b prevent boron atoms from penetrating into silicon substrate 10 in the 
regions directly ureter oxide sidewall spacers 38a and 38b. Silicon substrate 10 miy be subjected 10 p-type boron 
ions using a diffusion or ion implamaiion process. 

35 

Figure 13 shovi silicon substrate 10 after a passivation byer 46 has been formed over the entire /rontsrdc 
surface 12 of silicon substrate 10 to seal out conuminants and moisrure. The passivation layer is preferably a 
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doping said polysilicon gnt elecirode ind Murce'dram regions or (he silicon subsirace surrounding the 
poJysilicon gate electrode and ^tc dieJectric with boron aioms. 

8. The method as rocited in claim 7. wherein the nitrogen-bearing ambient comprises m'trous oxide 

5 

9. The method as recited in claim 7. wherein the nhrojoi-beahng ambient.compmes nitnc oxide (NOX 

1 0. The method as recited in ^laim 7, whoein the miiO£en-beariii£ ambient comprises both ninoiu oxide 
(N2O) and tthric ocddc (NO). 

10 

1 1. Tlie medKx! as recited in claim 7, further comprising bcreuing die tempenture within said cbambo' about 
the silicon substrate to a level between 650EC and 900EC prior go placing the siliooD substntB fano (be chamber 

IZ The method as recited ia claim 1, wherein said oxygen- and nitrogen-bearing ambient is subsaotuUy void 
15 of hydrogen aooms. 

23. Tlie method as recited in claim 7, further comprising growing a dielectric b!ycr having a coacentm'on 
of nitrogen acorns Incorporated within said dielectric at an etevnional level near an i^pcr surftca of said diflmric 
proximate to said polysiltcon taorcr. 

14. The method as recited in claim 7, further comprising growing a dielectric layer having a peak concenndoQ 
of oiirogea atoma incorporated within said dielectric at an elevaixmai level near a tower sur&ce of said dielectric 
proximate 10 said silicon substrate. 

25 .15. The method as recited in claim 7. further comprising growing a dielectric layer having a peak concennajon 
of nitrogen atoms incorporated within said dieleco-tc at an elevaciooal level near an upper sur&ce and a lower 
surface of said dielectric prtiximatc to said polysiiicon layer and silicon substrate, respectively. 

] 6. The method as reclied in claim 7. wherein the pressure within said chamber about the silieoo substrata is 
30 increased to a level between 2.0 imiosphercs and 25.0 atmospheres. 

17. The method as recited in claim 7, wherein the conceniraQon of oiirogen aioms within said gate dielectric 
near die interface between the polysiiicon gate electrode and die gale dielectric is sufficient to prevem boron atoms 
in the polysiiicon gate elecirode from penetrating into the gate dieJectric. 

35 

1 8 . The method as recited in claim 7. wherein the conceniTarion of nitrogen atoms within said gate dielectric 
near the interface between the gate dielectric and the silicon lubstrate Is sufficient to rrduce the number of high- 
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ener;^ elecirons lAjecied into the gate dielectric from (he silicon nibsirve tvhich become tnpped tn the gate 
dielectric. 

1 9. A method of fonoing a gate dielectric having enhanced dielectric capaci^, coaipristng: 

5 

growing an osQmiiride film upon an exposed sur&ce of a silicon substrate, wherein oxygot and nhrogco 
aiDniic species are uniformly disnibuted thnTugbout a cross-sectional piDfile of mid film; 



to 



depositing a polysilicbti film tipoa said o^gminde film: 

psoenungttkipobrsilicen film and said aaQfaiiride film using a sequcatiBl etch prx)cc» to fonn a 
potyslicoQ gate electrode aligned with ■ underlying jse dielectric; tad 

exposing the upper and tower sar^Kes of said gate dieleoric to boron aronu originating fiom respective 
uid potysilicon film and silicon substrate, wherein said nimgen atomic species widim the gate 
dielectric sulistantially repels boron atoms frnm diffusing or injecting thereinto. 
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